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SUBJECT: 



HIGH PERFORMANCE DISK DRIVES 



FROM: 



S- BLIGHTMAN 



TO: 



D- SMITH 



CC: A. ABBOTT 
J. CARROLL 
T. PBANEY 



C. KARZAG 
S. VUffiLLA 
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With the coming of the S114, and probably future controllers supportii^ 
3 megabytes/second, the subject of how we test these is going to become 
more of an issue. I don' t know how expensive the new drives are going 
to be but I suspect the price will be substantial. 

I noticed that you budgeted three new Fujitsu 2333 drives at a cost of 
$6,000.00 each for the testing of our 2.5 megabytes/second controllers. 
I suspect that you have already purchased the first one, but I suggest 
that we talk about a solution that may save us having to buy one or both 
of the other drives and also solve the 3 megabytes/second problem at the 
same time. 

I suggest we look at designing and building a disk emulator in the vein 
of the Tapeworm. It would seem to me that the disk emulator would be a 
very simple project and could be done with no intelligence in the 
architecture. I imagine using a 64K or 128K byte buffer to emulate 
maybe two cylinders of two tracks each. The memory could be accessed 
byte wide and the data passed through a serializer/deserializer for 
conversion to the SMD interface. The high order address bits would be 
driven by the cylinder and head registers, and the low order bits 
supplied by a free running counter to simulate a rotating disk. Refresh 
could be performed on sector boundaries while transmitting the sector 
pulse. In order to test the high order bits of the SMD bus, we may have 
to play some games but I think that can be done too. 

In order to support the ECL drivers and receivers for the enhanced SMD 
interface, we would have to include both a +5V and a ~5V supply. 
However, since it would not have any intelligence, I think the cost of 
this device should be no more than the Tapeworm. 

Providing we all agree this is a sensible thing to do, and since, as you 
know. Engineering resource is in high demand at the moment, I wondered 
whether you may have someone who might like to do this. Engineering 
would, of course, be willing to supply ?ome guidance in this project. 

Let me know what you think. 
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S03 Master Diskette 

The S03 Master Diskette contains the following files : - 

S03P1.SCH - S03P10.SCH 

These files are the PCAD schematic files for each of the 10 pages. 

S03P1 . PLT - S03P10. PLT 

These files are the PCAD plot files for each of the 10 pages in HP 
format. 

S03PANEL.SCH 

This file is the PGAD schematic file for the front panel. 
S03PANEL.PLT 

This file is the PCAD plot file for the front panel in HP format. 

S03A.REW 

This file contains the rework instructions for revision A of the 
artwork of the S03 PCB. 

S03 .BOM 

This file is the Bill of Material file generated by running the 
PCNETS extract program on the 10 schematic sheets . 

S03 .TEL 

This file is the package and net list file generated for the 
TELESIS system by running the PCNETS extract program on the 10 
schematic sheets . 

S03 .MAN 

This file is the manual describing the product. It has been 
generated using WORDSTAR and must be printed using WORDSTAR. 

S03_2EA0.PAL, S03_2KA0.PAL/ S03_2VA0 . PAL, S03_2WA0 . PAL 

These files are the PALASM source files for the 4 PALs. 

S03_2EA0-PIN, S03_2KA0-PIN, S03_2VA0 . PIN , S03_2V7A0 . PIN 

These files are the pin files generated by PALASM for the 4 PALs . 

S03_2EA0. JED, S03_2KA0. JED, S03_2VA0 . JED, S03_2WA0.JED 

These files are the JEDEC files generated by PALASM for the 4 PALs . 
They can be downloaded directly to the DAT AIO programmer to blow 
the fuses in the 4 PALs . If transfered to the PDPll first, the 
files must be transfered using XMODEM since the. files contain 
special control characters . 

S03_2XA0 . PLE , S03_6ZA0 . PLE 

These files are the PLEASM source files for the two miscellaneous 
PROMs. 

S03_2XA0.HEX, S03_6ZA0.HEX 

These files are the HEX format files generated by PLEASM for the 
two PROMs. They can be downloaded directly to the DAT AIO programmer 
to blow the fuses in the two PROMs . 

SO3TA0.MAC 

This file is the source for the firmware of the tape emulator. 
This source may be used by the meta-assembler on the PDPll. 



S03TA0.LST 

This file is the list file of the firmware of the tape emulator. 
It is generated by running the meta-assembler on the PDPll. 



S03TDEF.MAC 

This file is the definition source file for the tape emulator. 
S03TDEF-LST 

This file is the list file of the firmware definitions of the tape 

emulator. It is generated by running the meta-assembler on the 
PDPll. 

S03TA0.PRM 

This file is the PROM object file generated by running the meta- 
assembler on the PDPll. It can be used by the DATA 10 program to 
download the PROM information for the tape emulator to the DATAIO 
programmer . 

READ.ME 

This file. 



SPECTRA TAPEWORM 



INTRODUCTION ; 

The Spectra Tapeworm is a high speed 1/2" tape emulator. Using bit slice 
technology and 64K of dynamic RAM, it performs most functions of a formatted 
tape drive with a Pertec standard interface. Self diagnostics are executed upon 
reset or power-up. An S02 test panel may be connected to the Tapeworm to 
further identify controller failures by monitoring the Tapeworm firmware. 



THEORY OF OPERATION 

Three 2901 ALU's control the flow of 8 data bits, end of record flag, bus parity 
flag, and filemark between the controller interface and on board dynamic RAM. 
An additional RAM is included for internal parity checking for a total of 12 64k 
X 1 DRAM'S. A TI 4500 DRAM controller handles the address multiplexing. The 
Tapeworm understands fourteen basic tape commands: read forward/reverse, write, 
space forward/reverse, file search forward/reverse, rewind/unload, write EOF, 
read/write edit, and erase fixed/variable. Hard error will be set on the 
interface if an illegal (unknown) command is received. Likewise, hard error 
will set if an attempt is made to go beyond the physical EOT. The EOT marker 
sets at approximately 48k, which leaves 16k of storage before the end of the 
reel. The Tapeworm can be made to look like either a 800 or 1600 BPI drive, 
although the actual bit density remains unchanged. 



FRONT PANEL 

The following is a list of the Indicators and switches on the Tapeworm front 
panel and their functions: 

INDICATORS 

DIAG FAIL V 

This is lit during self diagnostics. If it stays on, there is an internal 

failure in the Tapeworm. 

DIAG PASS 

The self diagnostics have passed. 

EOT , . . ■ _/ ■ 

The Tapeworm is at beginning of tape. 

SELECTED 

The Tapeworm is being addressed by the controller. 

FPT 

File protect switch is set. 



ONLINE 

The Tapeworm is online. 



EOT 

The Tapeworm is at the end of tape. 
RAM ERROR 

There has been a DRAM failure in the Tapeworm. 



SWITCHES 



CER 

UP - Normal operation. 

DOWN - Forces corrected error (CER) on the interface. 



PARITY 

UP - Tapeworm uses its own internal parity on a write. 

DOWN - Tapeworm uses controller supplied bus parity bit (WP) on a write. 

REWIND (MOMENTARY) 
Depress for rewind to BOT. 

DENSITY 

UP - Density is determined by controller. 
MIDDLE - PE (1600 BPI) 
DOWN - NRZ (800 BPI) 

(Note: Only status indications are changed. Actual bit densities remain the 
same. ) 



FPT . 

UP - Normal operation. 

DOWN - Write protect bit is set. 

(Note: This switch does not prevent Tapeworm from being written to, 
the responsibility of the controller.) 

ONLINE (Momentary) 

Alternately sets and resets the online status. 
RESET (Momentary) 

Forces a hardware reset. Self diagnostics are executed. 
HER 

UP - Normal operation. 

DOWN — Forces hard error (HER) on the interface. 



That is 



TAl ■ •■■ 

UP - Least significant transport addresis is set. 
DOWN - Least significant transport address is reset. 



TA2 

UP - Most significant transport address is set* 
DOWN - Most significant transport address is reset. 

(Note: TAl and TA2 allow the tape unit to , be assigned an address of 0 — 3.) 
PARITY ERROR 

UP - Forces the read parity bit (RP) to ground, causing a read parity error. 
DOWN - Normal operation. 

400KB/ 300KB/ 100KB 

The tape transfer rate will be the slowest of the three switches in the up 
position. If all three are down the transfer rate will be 556 Kbytes/second. 

DISABLE EOT 

UP - The EOT marker is never set, makeing the Tapeworm look like an infinitely 

long tape. 
DOWN - Normal operation. 



-ROM:- STEVE BLIGHTMAN 

TO: - .. .WHOJI^IT MAY CQNCERN 

NOVEMBER 17, 1982 



PROP AS AL: 



TO BUILD SPECTRA LOGIC TAPEWORM 

A VERY FAST 1/2" TAPE TRANSPORT EMULATOR 



) 



There are some problems in Manufacturing in test ing t h e 1/2" tape 

parts of our multifunction ccintrollers. These are main Iv:- 

1. Cost of having so manv tape transports in Manufacturing. We 

currently buv CIPHER streamers for Manufacturing because these 
are some of the cheapest transports available at approxirTiately 
$2000 each. ■ ' " 



30: 



Because we buTstreamers^ Manufacturing has difficultv in 
/scoping problefTis because the transport spends most of the time 
re-positionins^ 



3. The diagnostics can take a long time to run^ and the tests that ^> 
test for correct functioning of "WRITE RING" and "ON LINE" are 
particularly tedious since thev re<=!uire unloading and loading 

the tape. The CIPHER streamers compound this problem as the 
auto— load procedure tends to be long and unreliable. 

4. Typical 1y the software diagnostics re*=iuire error free tape? - 



especially close to the beginning of tape. The tapes tend to 
wear out in this area since they are used so extensively and 
it is often difficult to dec ide whether the controller is 



^31; . 

'134 1 



f au 1 ty or the tape has' a med ia def ect 




h^i This proposal is to make a 1/2" tape emulator for use mainly in 

Manufacturing. This tape emul ator t to be cal 1 ed the TAPEWORM? would be 



■137 



built around a memory array of probably 12 64K dynamic RAM chips. S OF 
these^ chips would enable us to emulate^ a: tape with" a capacity of 64K 
bytes. The other 4 bits of memory would be used for byte parity^ flte^ ^ 
mark indicatorv inter-record gap marker? and overall parity. No error 
correction would be done on the memory? but the overal 1 parity would 
verify the integrity of the 12 chips. 



^ f''^^ With 64IC bytes at 1600 b.p.i. we are emulating a:?ftape that is 

effectively only about 40 inches long. This however does not take into 

I'^i account inter-record gaps which will be very short on the TAPEWORM and 

so with small records the length of tape emulated will be quite a bit 
i^'^j greater. It is felt that this would probably be enough memory to run 



the tape diagnostics on the SPECTRA 20, 21, 25? & 26. 



There are 3 possible architectures that mav be used to build the 
TAPEWiIiRM. These are - 

A. A MOS microprocessor design 

B. A Bi t-sllc^^^ desiga^^^ . . 

C- A Sequencer design 



_. Xb:^ microproce ssor or bit~s1 ice _ d e.s i g n s uioul d give us the 
advantage that we could have micro-diagnostics in the 
increase the confidence and simpT if y fault finding in 
itself, Thi s may be parti cularly i mpo rta n t du e to the 



TAPEWORM to 
the TAPEWORM 
failure rate 



of the 64K dynamic RAMs. The microprocessor approach mar be more 
expensive to deve 1 op i f we have to buy or rent a development system. 
The se«=!uencer design uioul d be the cheapest to build and probabl y 



the easiest 
capabi 1 i ty . 



to develop^ but it would have no self-diagnostic 

This proposal recommends a 4 or 3 bit bit-slice design^ 



The very rough manufacturing cost estimates are s 
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DESIGN A 


DESIGN B 


DESIGN C 


19 

^ ,20 

21 


DYNAMIC RAMS 

RAMfelSiiPtl^iasW.^.:- .ff 


$120 ' 


$120 
* 60 


$120 

$ 60 j^- > 


?2 

) n 


OTHER PARTS 

BARE WIRE WRAP BOARD 

WIRE WRAP SOCKETS 


*100 
*175 
* 50 


*175 
*200 
* 60 


$75 
$175 
* 50 




6 AMP POWER SUPPLY 
^ MOUNTING BOX 


» $ %ci 


* 75 
% 50 


* 75 

■ % 50 


) !29 

;30 


^ TOTAL: 


$630 


*740 


*605 


These costs obviouslv do not 


include assembly 


and test. The 
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,32 
33 

i34i 
35 
36 



number of JCs used will be approximately 50 for designs A and C or 
60 for design B. The higher cost estimate for "OTHER PARTS" of 

€rsi^gFy^y:eg | i fe ]|^1^.^ i ^^ 2901s^,and PROMs.^-- 
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3 
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1100013 
110i;U17 
11[)0019 
llL)e03G 
3500001 
Assembly 

looccoa 

1000018 

1D0UO32 

10D0C42 

1000043 

1000044 

1000046 

1000048 

1000050 

1000052 

1000060 

1000064 

1000065 

1000067 

1090O6B 

1000069 

1C00073 : 

1000074 

1G00O7G 

1000082 

1: L:C^Ki2 

1 0 0 0 0 c / 

1000090 

1000094 

1000104 

1000113 

1000128 

1000129 

1000133 

1000138 

1000139 

1000143 

1000147 

1000152 

1000153 
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1000163 

1000165 

1000169 

1100004 

1100015 

1300003 

1400009 

1400011 

1400017 

1400020 

1500011 

1500013 

1500022 
1500024 



■2KX4PRr:; 27S185 
lKX8PRri; 27S281 
1GL8; 16L8 
16R6;16R6 
JUMPER2; .1" 

7416; 7416 
74139; 74S 139 
74251 ; 74S251 
740D;74LS00 
74G2;74LS02 
7404 ; 74LS04- 
740a;74LS0S 
7411;74LS11 
7432;74LS32 
7474;74LS74 
74174; 74LS 174 
74240; 74LS240 
74244 ;74LS 244 
74253; 74LS253 
74257 ;74LS257 
74273 ;74LS273 
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3^ 



IB; ID; IE; 7J 
4N;7T 
3T 

2 A ; 4 S ; 5 Z 
4L;4P 
5C;6C 

2B ; 2G ; 2D ; 3H ; 5A ; 6A 
5hA;GtiA %^ 
-Sf £^ VJ1B3; lU; IVJ; lY; 1 
-cpsx^O 2T;2Y; 22 - : 



74259; 74L3259 
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,093" (2,36inin) Diameter Connectors T^'' 



3191 Series 



Grid Patterns 



Series No.-^ 3191-1 

Order No -#»19-09-X01X 
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19-09-X02X 
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Receptacle 


Plug 


Electrical 


Receptacle 


Mug 


Etectricai 


Circuits 


Available only 

without 
Mounting Ears 


with 
Mounting Ears 


without 
Mounting Ears 


Max. 
Amps. 


Max. 
Volts 


Circuits 


Available only 

without 
Mounting Ears 


with 
Mounting Ears 


without 
Mounting Ears 


Max. 
Amps. 


Max. 
Volts 


1 


19-09-1019 


19-09-2018 


19-09-2019 


12 


600 


6 


19-0^1069 


19-09-2068 


19-09-2069 


s 9 


600 


2 


19-09-1029 


19-09-2028 


19-09-2029 


12 


600 


9 


19-09-1099 


19-09-2098 


19-09-2099 


8 


600 


3 


19-09-1039 


19-09-2038 


19-09-2039 


11 


600 


12 


19-09-1129 


19-09-2128 


19<I9-2129 


7 


600 


4 


19-09-1049 


1&-09-2048 


19-09-2049 


9 


600 


15 


19^1159 


. 19-09-2158 


19^2159 


6 


600 



Polarizing Key 3191-K 19-09-1101 (Use in plug only) 



Q 5219 Series 
^ .093" (2,36mm) Header 
for 31 91 Wire to Board Ap 



± 

658 
6.71 
909 
3.11 
, 910 
3.11 



Features/Dimensions: 

• 2, 3, 4, 6 Circuits available 

• Locks with PCB for flow soldering 

• Polarization to PCB mounting 

• Locking rannp for 3191 positive 
locking 

• Integrally molded polarization to 
3191 

• Terminals factory assembled 

• Terminal material tin plated brass 

• .264" (6,71 mm) grid pattern 

• Height above PC B .590 ^ 



3191-NR1 



• Width across end 

• Length of PC tail 



.012 

14.9910,31 
.3231 .012 



8.20: 

■138 
3.51 



0.31 




263 ± .004 
20.110.1 , .2131.004 



■528 1 009 
"13.410.1 



5,4 1 0.1 



(p cp (p y 

6.087 ± .002 <t.118± .002 
I ■» 2.2 ± 0.05 * 3 1 0.C» 

1 I 
3Ckt. I 

4Ckt. 



.043 1 .004 
1,1 ±0.1 

A 



Inches 
mm 



«^-087 1 .002 
<t> 2,2 ± 0.05 



Ordering Information 



Circuits 


RatlnQ 


Order No. 


2 


12A 


600V 


15-31-1026 


3 


11A 


600V 


15-31-1036 


4 


9A 


600V 


15-31-1046 


6 


9A 


600V 


15-31-1066 



1 



.528 1 .004 
13.4 1 0.1 



± 



2631 .004 

6.710.1*' 

.2131 004 

5.4 1 0,1 



■ 1321 .004 
3.3510.1 
T 



r\ 1 -2631 

V7 6.71 



■004 
:0.1 



1: / 



<».118l .002 

6Ckt ^ 310.05 

P.C. Board Hole Dimentioni 

Layout provides press fit 



13A 



(Date 
Upper 



Lai list creatt-'d 
JOH created ) 
09-17-198G 



fron ernul.CnP and eiaul.VJRL) 
Time 10:17:22) 



3 
1 
1 

Lower 

-3- 
2 

1 

1- 3- 
l-e 

3 

-3- 
-2- 

2- 6-- 
2 

r" 

D 



1 

3 
2 
2 
1 
2 
1 
1 
2 
2 
1 
2 
1 
1 
1 
1 
3 
'3 
4 
2 
3 
1 
1 
3 

12 

2 
2 



Asseiably 
110(5013 
llOiJUl? 

iiOLicig 

11CO03G 
3500001 
Assefiibly 

looccoa 

1000010 
1D0OD32 
1GD0C42 
1000043 
1000044 
1000046 
1000048 
1000050 
100GO52 
1000060 
1CC0GG4 
. 1000065 
100OGG7 
10000G8 
1O0OOG9 
100 0073 
1000074 
1000076 
1000082 

1 0' 0 t' C i 

10^0090 
1000094 
1000104 
1000113 
1OO012S 
1000129 
1000133 
100C138 
1000139 
100^143 
100014 7 
1000152 
1000153 
1000162 
1000163^. 

loeoios , 

1000169."^ 
1100004 
1100015 
1300003 
1400009 
1400311 
1400017 
1400020 
1500011 



1500022 
1500024 



('34 50; 3450 
(^34 5 3 ; 345 3 



■2KX4PRM;27S1S5 
1KX8PRM;27S281 
IGLO; 16L8 
16RG;16RG 
JUtiPER2; . 1'^ 

7416; 7416 
74139; 74S1 39 
74251; 74S251 
74OO;74LS0O 
740 2;74LSO2 
74O4;74LS04 
7408; 74LS0S 
7411;74LS11 
7432;74LS32 
7474;74LS74 
74174;74LS174 
74240; 74LS240 
74244 ;74LS244 
74253; 74LS253 
74257;74LS257 
74273 ;74LS273 
74373 ;74LS373 
74374 ;74L3374 
74393;74LS393 

n 

/^ki?; 74LS259 
2GSO2;26S02 
74113 ;74S113 
74280; 74S28C 
2952 ; 2952 
74299; 74F299 
7421;74H21 
7485; 74S85 
7474; 74F74 
7408 ; 74F08 
7438;7438 
74174; 74F174 
7404;74F04 
7402; 74F02 
741G3;74AS163 
/' 10192; 10192 ^''O 
1O125;10125 
iei24;10124 
'2911 ;2911A 
2901; 2901 
DIODE ;1N914 
RES; 470 
RES; IK 
RES;10K 
RES;33K 
9RSIP;1K 
4RSIP;470 

9RSIP; 3 . 3K 
9RS1P;4.7K 



2X;GZ - 'y^'kX 
3K;3L;3M;3N;3P-'' 
2£; 2V ; 2v; -W 

2K 

Ml ■ ■ 

1G;1H;1K 
4J 

5K;6K 

3S;3Z;4AA 

2AA; 5J 

5H 

3J 

3Y 

Gli 

3A;3AA;3W : 

2G;2H;2U;4A;4K;4M 

1B;1D;1E;7J 

4K;7T 

3T 

2A;4S;5Z 

4L;4P 

5C;6C 

2B;2C;2D;3K;5A;6A 
57\A; GAA . 

133 ; lU; IW ; lY; VL%0 

90 



M^6 

Via 



2T;2Y; IZ 
5U;5P 
3B3 
5L 

lA; 5B;6B 
5U;6U 
5T;6T 
5BB 
2F;3X 
3U 
4S 

IJ; 2 J 
2S;4T 
4U 

4R;5S 
3V 
IP 

IS 44 
2R IZ 
2L;2M;2iN 
3C;3E;3F Se^i^ 
CR1;CR2;CR3;CR4 
R3;R4 . 
R1;R2;R9 

:R5 , 

R6 

RP19;RP20;RP26 

RP 1 0 ; RP 1 1 ; RPl 2 ; RPl 3 ; RPl 4 ; RP 1 5 ; 
RP1G;RP17 ;RP18;RP25;RP6;RP9 
RP23 ;RP24 
RPC : RP7 




1 GOO 003 
1G0OOO4 



SSI DELED; RED 
SSIDELED; GREEN 



OS 1 0 ; DS 11 ; DS 14; DS 1 5 ; DS 3 ; DS 4 ; 
DS5;DS6 

D5 1 ; DS 1 2 ; DS 1 3 ; DS 1 G ; DS 2 ; DS 7 ; 



1700003 
13:J00Sji 

31^0002 
3iaCG03 

32i(L}0icj01 
320GUO3 
3200010 

35OiyU02 



<E>CS>C> I 




osc;25.yu:uiz 

CAPTALITR; 1 . OUF 

CAPTANTA; iOUF 

CAPTANTR; J. iUF 

GAPDIP;.ulUF 

2KX4PRi-l;273iS5 

lCLB;i6L8 

iKXGPR2!;27S2Sl 

2GPHDR;5iu02 

60PHDR;52D2 

20PHDR;6GO2 

JUMPER2; .1" 

4500; 4500 

25GKDRi:-Irl50NS 



ri5RDIP;56 
C 14RMDIPA ; 220/330 
0NN6; 
O3C;2'3.O0MHZ 
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6X;GY;7D;7E;7F;7G; 
7V; 7X; 7Y 
RP i ; R? 2 ; RP3 ; RP 4 ; RP 5 
1C;1F 
J5 
5R 
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-5/ 
+5y 
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z 

4 
5 

7 
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II 

IZ 

/4 
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OkUaJl 
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4 

G /W Otic acc 4 



Zl-2i> oaaW 



md- AO ^ 



^7 I 



2 
4 

g 

m 
a 



Q 



75 fcr^ Cc»*^(d^ 



Q 



'5Y 
Giih 

-f5Y 



Q 



z 

5 
7 



9 

/o 

// 
/z 

/4 



I J IS 

-2./ -24 uaaW 



^7 / GA/b 



3 ^/^* 
7 



o 



2 

QitfrPa^^ to 



Soft' 3^ 

mr 



(Material 
( enu 1 . BOH 
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; U9-17-198G Time 10:17:22) 

AssuMbly b^<^K^^ 



o 



72- 



1 
1 

3 



2 
2 



110OU13 
llui;U17 
11D0O19 
11CD03G 
3500001 
Assembly 
100COO8 
100G018 
1D0DO32 
10DeC42 
1000043 
1000044 
1000G46 
1000048 
1000050 
1000052 
1000060 
1C0B0G4 
1000065 
10000G7 
10GO0G8 
100UGG9 
1000073 
10U0074 
1O00O7G 
1000082 

/I: :::.n32 

lD0D0ij7 

1000 09G 

1000094 

1000104 

1000113 

1000128 

1000129 

1000133 

1000138 

1000139 

1000143 

1000147 

1000152 

1000153 

1000162 

1000163 

1000165 

10001G9 

1100004 

1100015 

1300003 

1400009 

1400011 

14 000 17 

1400020 

1500011 

1500013 

1500022 
1500024 



'2KX4PRr:;2 7SlS5 
lKX8PRtr;27S281 
1GLC;16L8 
16RG; IGRG 
JUMPER2J . 1" 

7416; 7416 
74139; 74S139 
74251;74S251 
7400; 74LS00 
7402;74LS02 
7404; 74LS04- 
74O8;74LS08 
7411r74LSll 
7432;74LS32 
7474;74LS74 
74174; 74LS174 
74240; 7 4LS 240 
74244; 74LS244 



2X;C2. 
3K;3L;3M;3N;3P 5^ 
2E;2V;2Vi^'^f 1*^0 
2K 

Ml ^ 



ISO 

'30 



1G00003 



1 GOO 004 



1G;1H;1K 
4J 

5K;6I< 
3S;3Z;4AA 
2AA;5J 
5H 
3J 

3Y . 
Gli 

3A;3AA;3W '^^ 



6 ^- 



2 X 



A A 
54 

(..4 



2G; 2H;2U; 4A;4K;4M b < 1^ 
1B;1D;1E;7J 50 
4N;7T Z ;^ 



74253 

74257 
74273 
74373 
743 74 
74393 
3450; 
3-i 5 3 ; 345 3 
74259; 74LS259 
26302 ;26S02i^i 
74113 ;74S 113 
742S0;74S280 
2352; 2952 $- 
74299 ;74F299^ 
7421;74H21sjr 
74S5;74SS5' 
74 74; 7 4F 74* 
74OS;74F08-^ 
7438;7438 



;74LS253 3T 
;74LS257 2A;4Z;5Z 
;74LS273 4L;4P 
;74LS37 3 5C ;bC 

;74L3374 2B;2C;2D; 
; 74LS 39 3 5h!\ ; G AA 

34501^ 5^ '^->1BB ; lU ; IW ; lY; 1 
ft -S^S'-^O 2r;2Y;2Z - 
5y; 5F 
33B 
5L 

1A;5B;6B 
5U;6U 
5T;6T 
5BB 
2F;3X 
3U 
4S 

IJ; 2 J 
2S;4T 
4U 

4R; 5S 
3V 



54 

9^ AO 
3K; 5A;GA 'o-^AO 



1-^ 



bO 

so 



74174; 74F174a«' 
7404 ; 74F04S6 
7402;74F02=!!f 
741G3; 74AS163 
10192 ; 10192* -Sf >E4;..(xip 
10125; 10125'^ -S 40 is 
10124; 10124^ '''^ 2R 
2911;2911A 
2901; 2901 
DIODE ;1N914 
RES; 470 : 



S^- IDS 


= 




r . 5 50 


% 


- . 1 ^0 _ 


VL 


r .OSl 




- .110 




- .01 h 




- • 0 1 I 




, . 1 0 5 


45 


' . 0 4 5 


: iS ;. 


c 0 15 


a-" ! % 


z 0 t <" 


40 


= . 0 4 0 



52 



5.00% 



RES; IK 
RES;10K 
RES ; 33K 
9R3IP; IK 
4RSIP;470 



9KSIP;3 
9RS1P;4 



3K 
7K 



2L; 2M; 2K 
3C;3E;3F 
GR1;CR2;CR3;CR4 
R3;R4 . 
R1;R2;R2 
R5 

RP19;RP20;RP26 

RP10 ; RPll ; RP12; RP13 ; RP14 ; RPIS 
RP16 ; RP17; RP18 ; RP25 ; RP8; RP9 
RP23;RP24 
RP6;RP7 



0 
O 

-h^ 0 

Li 



SSIDELED;RED 
SSI DELED; GREEN 



DS 1 0 ; DS 1 1 ; DS 14 ; DS 1 5 ; DS 3 ; DS4 
DS5;DS6 

DS 1 ; DS 1 2 ; DS 1 3 ; DS 1 6 ; DS 2 ; DS 7 



1 


17kJL'0Q3 


use ; 25 • UUlIHZ 


2 




CAPTiiL-JTR; i . uuF 


2 




ChPTi^^'lLPi; iUuF 


2 


1 3 b U L/ d 


CA PT Ai ] i u ; 'J . 1 U i: 


"7 




GAPDIP 7 . ki;iUF 


2 


ji jyuu2 


2KX4PRi1; 27oio5 


4 


J i b U J 


IbLd ; iOLcj 


r* 

b 




i KX b P Pu. 1 ; 2 / b 2 b 1 


'J 
J 


j2b»o*kl/5Ji 


2uPtiDR; 3UU2 


i 


J 2 It J U b J 


oUPriDR; 521J 2 


i 


J 2uubiU 


2k:/PnDR ; bioUZ 


z 


J D U i:/ U U Z 




i . 




450U; 4500 


28 




256KDRM;150NS 


C 
J 






2 




i 4Ril u I PA ^ ZZ'<j/ o 


1 




CONN 6 7 


i 




O3C7 2O.O0MHZ 


2. 







so, 



3R 

C4;C5 
CI, '02 

C3;C7 

CC70-74];Gr8-69j 
2X;6'3 

2E;2V;2U;2K 
JK; JL; 3M; 3N; 3? 
J2;J7;ja 
Jl 
Jo 

yiCi-2] 

3B Ho 
4V;4W;4X;4Y;5D;5E; (^fetl^ 12?^ ^5 
5F?5G;5V;5W;5X;5Y; 
6D ; 6E ; 6F ; CG ; 6V; 6V/ ; 
6X;6Y;7D;7E; 7F;7G; , 
7V; 7W; 7X; 7Y (l^^ il^'^ 1^ 

RPl ; RP2 ; RP3 ; RP4 ; RP5 
IC ; IF 
J5 
5R 



r .050 



540 




O 



C5 



2£' on- 



,3? 



3B 



5? 



I' 



I 
\ 
\ 



I 



3^ 



AO 

53 



..20 



-83 




O 



O 



LINE ADM TAPE EMULATOR FIRHNARE VERSION S03 - AO PA6E 14 



537 


OCIAO 




t 

? 








538 


OOIAO 




;FILE SEARCH FORHARD 




539 


OOIAO 




• 


CONTINUES UNTIL FILEHARK IS ENCOUNTEREC OR, AFTER EOT, 


540 


OOIAO 




■ . ■■ • 


FHK OR LNO IS DETECTED. 




541 


OOIAO 




• 

> 








542 


OOIAO 


D0B00001F2 


FSFiD: 


JSR 


nnSFREe 


; BET STROBE FREQUENCY 


543 


OOlAl 


1C88 107000 




ALUF 


,CA,H0VR,R1,RLDP 


;LOAD nSB ADDR 


544 


001A2 


1008380000 




ALU 


,,RT0e,R3 


• ■ . 
f 


545 


001A3 


90140601A3 


FSF2! 


JCF 


,,DECQ,, EQUAL,! 


1 DELAY LOOP 


54& 


001A4 


lOSBOODOOO 




ALUF 


,,HOVR,R0,SALE 


;LOAD LSB ADDR 


547 


001A5 


1080080000 




ALU 




• 

■ » 


54B 


001A6 


280E005000 




ALUF 


HEHRD,DOUT,0T0Q,,RALE 


;READ DATA OUT 


549 


001 A7 


90840 1A5DC 




JCTF 


,,N0VQ,,PARERR,SRFR8,PERR 


jPARITY ERROR? 


550 


001A8 


90BOOA25CI 




JCTF 


,,,,DEST10,RRFRQ,FSF7 


;CHECK FHK 


551 


001A9 


1080009000 




ALUF 


,,,,SRS 


;SET READ STROBE 


552 


OOIAA 


1189080000 




ALU 


,,INCR,RO 


; INCREMENT LSB 


553 


OOIAB 


90083711 A3 




JCFF 


,,RT08,R3,C0UT,RRS,FSF2 


;LSB=FFF ? 


554 


OOIAC 


30EAI8000C 




ALU 


CONST,, DXR,R1,HI00C 


jHSB=C? 


555 


OOIAD 


9080060 IBl 




JCF 


,,,, EQUAL, FSF4 


5 IF YES, SET EOT 


556 


OOlftE 


908Q0C01BI 




JCF 


,.,,ENBEDT,FSF4 


;CHECK EOT DISABLE SN 


557 


OOlftF 


108000EOO0 




ALUF 


,,„SEOT 


;SET EOT 


558 


OOIBO 


9044000 1B3 




JMP 


,,2ERe,,FSF8 


;BDTD CHECK FHK/LND 


559 


001 Bi 


1D89 180000 


FSF4: 


ALU 


,CA,INCR,R1 


;INC HSB 


560 


001B2 


90083001A3 




J«P 


,,RT0Q,R3,FSF2 


{CONTINUE 


561 


001E3 


90140601B3 


FSF8: 


JCF 


DECQ,, EQUAL, $, 


; DELAY LOOP 


562 


001B4 


lOSBOODOOO 




ALUF 


,,HOVR,RO,SALE 


; LOAD LSB ADDR 


563 


001B5 


1080080000 




ALU 




>- 


564 


001B6 


280E005000 




ALUF 


HEMRD,DDUT,DTO!:',,RALE 


; READ DATA OUT 


565 


001E7 


90800M5C1 




JCTF 


,„,DEST10,SRFRQ,FSF7 


jCHECK FHK 


566 


OOIEB 


90640 195DC 




JCTF 


,,HOVQ,,PARERR,SRS,PERR 


;PARITY ERROR? 


567 


00169 


90800825: 1 




JCTF 


,,,,DESTS,RRFRQ,FSF7 


; CHECK LUD 


56E 


OOIBA 


1189001000 




ALUF 


,,TNCR,RO,RRS 


UNCREflENT LSB 


569 


00 IBB 


90083701B3 




JCF 


,,RT0Q,R3,C0UT,FSFB 


;»AS LSB=FFF ? 


570 


OOIBC 


30EAie000F 




ALU 


CONST,, DXR,R1,HI00F 


!HSB=F ? 


571 


OOIBB 


90800601BF 




JCF 


,,,, EQUAL, FSF9 


; IF NO, KEEP READING 


572 


OOIBE 


9OB00CO5E1 




JCT 


,,,,ENBEDT,EERR 


SCHECK EOT DISABLE 5M 


573 


OOIBF 


1D89180000 


FSF9! 


ALU 


,CA,INCR,R1 


fINC HSB 


574 


OOlCO 


9008300 1B3 




JHF 


,,RT09,R3,FSF8 


{CONTINUE 


575 


OOlCl 


1189001000 


FSF?! 


ALUF 


,,INCR,RO,RRS 


; INCREMENT LSB 


576 


001C2 


90800721E3 




JCFF 


,,,,CQUT,RRFRB,RDEND 


;END SEARCH IF NO CARRY 


577 


001C3 


DOeOOOOlFB 




JSF: 


,,,,ADC 


; ADDRESS CHECK 


57B 


001C4 


9DB92001E3 




JHF 


,CA,INCR,R1,RDEND 


5 INC HSB i END SEARCH 



LINE ADDR TAPE EMULATOR FIRWARE VERSION S03 - AO PA6E 15 



580 O01C5 ; 

581 001G5 jFILE SEARCH REVERSE 



582 


001C5 




; CONTINUES UNTIL FILEHARK OR LOAOPOINT IS ENCOUNTERED. 


583 


001C5 




• 






584 


001C5 


1088080000 


FSREV: ALU 


,,H0VR,R0 


;LSB=0 ? 


585 


00iC6 


9C88I601C9 


3CF 


,eA,HOVR,Rl,EeUAL,FSRO 


;IF MOT, START FSREV 


SB6 


001C7 


90800605DB 


JCT 


„,,EeUAL,BERR 


; IF nS6=0 SOTO BOT ERROR 


587 


001C8 


1D98180000 


ALU 


,CA,DECR,R1 


jDECREHENT BSB 


588 


001C9 


019B0001F2 


FSRO: JSR 


,,DECR,RO,SFREQ 


; BET STROBE FREQUENCY 


589 


OOlCft 


90140601Cft 


FSR2: JCF 


,,DECQ,, EQUAL, 1 


; DELAY LOOP 


590 


001C8 


108800DOOO 


ALUF 


,,HOVR,RO,SftLE 


JLOAD LSB ADDR 


591 


OOlCC 


1080080000 


ALU 


• 

9 


592 


OOlCD 


2B0E005000 


ALUF 


HEflRD,DOUT,DTOe,,RALE 


;READ DATA OUT 


593 


00 ICE 


908401A5DC 


JCTF 


,,110VS,,PARERR,SRFRfi,PERR 


;PAR1TY ERROR? 


594 


OOlCF 


90800A25C1 


3CTF 


,,,,DEST10,RRFRfi,FSF7 


;CHECK F«r: 


595 


001 DO 


1080009000 


ALUF 


,,,,SRS 


;SET READ STROBE 


59i 


OOIDI 


11980BOOQO 


ALU 


,,DECR,RO 


; DECREMENT LSB 


597 


001D2 


900837 15CA 


JCTF 


,,RT09,R3,C0UT,RRS,FSR2 


jNftS LSB=0 ? 


598 


001D3 


10BB180000 


ALU 


,,«0VR,R1 


;HSB=0? 


599 


001D4 


90800605D7 


JCT 


,,,, EQUAL, FREND 


;IF YEE, GOTO FREND 


600 


001D5 


1D98180000 


ALU 


,CA,DECR,R1 


; DEC MSB 


601 


OOlDa 


90083001 CA 


JHP 


,,RT0e,R3,FSR2 


;COHTINUE 


602 


00 ID? 


90800C01D9 


FRENDi JCF 


,,,,ENBE0T,FR6END 


iCHECK EDI DISABLE SW 


603 


001D8 


918900F1E3 


JHPF 


,,iNCR,RO,SLDP,RDEND 


;INC LSB TO 0 I END RD 


604 


001D9 


1198180000 


FR6END: ALU 


,,DECR,R1 


;INC MSB 


605 


OOlDft 


900830QICA 


JMP 


,,RTQQ,R3,FSR2 


jCONTINUE 
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607 


OOIDB 




• 






60B 


OOIDB 




; ERROR ROUTINES 






609 


OOIDB 










610 


OOIDB 


lOBOOOFOOO 


BERR: ALUF 


,,,,SLDP 


5TRIED TO RD REV FRQH LDP 


611 


OOIDC 


1080005004 


PERR: ALUF 


y ^ \ fRALEf Ry 


;RESET ALE I NRITE 


612 


OOIDD 


1080002000 


ALUF 


M,,RRFR8 


5 RESET REFRESH REQ 


613 


OOIDE 


1080001000 


ALUF 


,,,,RRS 


; RESET READ STROBE 


614 


OOIDF 


10B000B009 


ALUF 


,,,,RBSY,SHER 


jPARITY ERROR 


615 


OOIEO 


9080003050 


JHPF 


,,,,RRBSY,IDLE1 


; RETURN TO IDLE LOOP 


616 


OOlEl 


119BO0B009 


EERR: ALUF 


,,DECR,RO,RBSY,SHER 


;PAST END OF REEL 


617 


001E2 


9080003050 


JHPF 


,,,»RRBSY,IDLE1 


;RETURN TO IDLE LOOP 


6ie 


001E3 




• 

> 






619 


001E3 




;END or READ ROUTINE 




620 


001E3 










621 


001E3 


208E0C200Q 


RDEND: ALUF 


HEHRD,,H0VD,,RRFR9 


;NRZ OR PE ? 


622 


001E4 


90800BnEF 


JCFF 


,,,,DEST11,RRS,»TEND 


;IF PE, SKIP CC6 ROUTINE 


623 


001E5 


300E080002 


ALU 


CONST,, DT0Q,,HI2 


•jLOOP C0UNT=2 


624 


001E6 


108000000B 


REl! ALUF 


? J , , jSCCB 


;SET CCB 


625 


001E7 


1060009000 


ALUF 


,,,,SRS 


;SET READ STROBE 


626 


OOIEB 


10140BOOOO 


ALU 


,,DECQ 


;DEC LOOP COUNT 


62? 


001E9 


90B006ME6 


JCFF 


,,,, EQUAL, RRS, REl 


; SENT TNG RD STROBES? 


628 


OOIEA 


10BOOOG003 


ALUF 


^ « ) t ,RCC6 


9 


629 


OOIEB 


9080Q001EF 


JHP 


,,„NTEND 


5 


630 


OOIEC 




. ■ ■ • ■ 






631 


OOIEC 




;NRITE END 






632 


OOIEC 




5 






633 


OOIEC 


90B00721EF 


HREND: JCFF 


,,,,CDUT,RRFRQ,NTEND 


? 


634 


OOIED 


DOEOOOOIFB 


JSR 


,,,,ADC 


■ • ■ . 


635 


00 1 EE 


1DB91S0O0O 


ALU 


,CA,1NCR,R1 


! ■ ■ 


iZt 


OOIEF 




■ 






637 


OOIEF 




;HAIT lOOUS END BAP 




63a 


OOIEF 










639 


OOIEF 


D1C4400207 


NTEND: JSR 


,,ZERR,R4,NAIT 


jHftIT lOOUE END SAP 


640 


001 FO 


106000B006 


ALUF 


,,,,RBSY,RDE 


f 


641 


OOlFl 


90B00C3050 


J«?F 


,,,,RRBSY,IDLE1 


f 
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643 


001F2 




5 








644 


001F2 




jSTROBE FREQUENCY SELECT 




645 


001F2 












646 


001F2 


31BEB80002 


SFREQs 


ALU 


COKST,,0TDR,R8,HI2 


• 

f ... 


64? 


001F3 


90440D05F5 




JGT 


,,ZERQ„SF1,SFRI 


• ■ 


648 


001F4 


718E3B0029 




RTS 


CONST,, DT0R,R3,HI29 


;XFER RATE'lOOKB/SfSFI) 


649 


001F5 


91C43E0IF8 


SFRl: 


JCF 


,,ZERR,R3,SF2,SFR3 


;1:FER RATE=385KB/S(SF2) 


650 


O01F6 


90800F01F9 




JCF 


,,,,SF3,SFR4 


;IFER RATEM55KB/S(SF3) 


651 


001F7 


5008380000 




RTS 


,,RT0B,R3 


jXFER RATE=556KB/S(DEF) 


652 


001F8 


10008BOOOO 


SFR3: 


ALU 


,,QPR8,RB 


;SET UP STROBE FREQ IN R3 


653 


001F9 


1000880000 


SFR4: 


ALU 


,,QPRQ,RB 




654 


OOIFA 


5184380000 




RTS 


,,BT0R,R3 




655 


OOIFB 




• 








656 


OOlFfi 




; CHECK ADDRESS 


A6AINST L06ICAL AND PHYSICAL EOT 




657 


OOIFB 




• 








65a 


OOIFB 


9080000201 


ADC: 


JCF 


,,,,ENB£DT,ADC1 


;J IF DISABLE EOT 


65? 


OOIFC 


30Eftl80e0C 




ALU 


CONST,, DIR,Rl,HIOOC 


5 IS HSB=C ? 


660 


OOIFD 


90800601 FF 




JCF 


,,,, EQUAL, ADC2 


5 IF NOT, JUMP 


66! 


OOIFE 


5OB0O0E0O0 




RTSF 


,„,SEOT 


;SET EOT 


662 


OOIFF 


30Efll8000F 


ADC2: 


ALU 


CONST,, D1(R,R1,HI00F 


•,BSB=F? 


663 


00200 


90B00605E1 




JCT 


,,,, EQUAL, EERR 


; IF YES, GOTO ERROR 


664 


00201 


50B0080000 


ADCl: 


RTS 




■ 


665 


00202 












666 


00202 




;tifiIT FOR 800US RAMP DELAY 




667 


00202 




• 

> 








66B 


00202 


31BEC80008 


HAITI: 


ALU 


CONST,, DTDR,R12,HIB 




669 


00203 


I)IC4400207 


112: 


JSR 


,,2ERR,R4,»AIT 


• - . ■ 
} 


670 


00204 


119SC8000O 




ALU 


„DECR,R12 




671 


00205 


9080070603 




JCT 


,,„C0UT,«2 


\ 


672 


00206 


50S0080000 




RTS 






673 


00207 












674 


00207 




;«AIT lOO HICROSECONDS 




675 


00207 




• 

} 








676 


00207 


118948000A 


HAIT: 


ALU 


,,INCR,R4,SRFRB 


; INCREMENT COUNTER 


677 


00206 


1080002000 




ALUF 


,,,,RRFRS 


■ t 


67B 


00209 


1086480000 




ALU 


,,H0VR,R4 




679 


0020A 


9080020207 




JCF 


,,,,DEST7,IIAIT 


;128 TINES 


6E0 


0020B 


51C44SOOO0 




RTS 


,,ZERR,R4 


; RETURN 


6BI 


0020C 




END 
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CROSS REFERENCE TABLE 
LABEL TYPE VALUE REFERENCES 



ADC 


A 


OOIFB 


205 


216 


233 


245 


256 


264 


350 


383 








407 


418 


437 


456 


466 


477 


480 


577 








634 


-658 














ADCl 


A 


00201 


658 


-664 














ADC2 


A 


OOIFF 


660 


-662 














ALU 


D 




30 


36 


45 


46 


48 


51 


53 


55 








56 


58 


59 


61 


62 


63 


68 


69 








70 


71 


72 


73 


74 


75 


83 


84 








87 


92 


94 


97 


98 


99 


101 


103 








108 


110 


119 


163 


197 


206 


226 


231 








234 


235 


238 


243 


246 


249 


258 


260 








261 


262 


273 


276 


277 


279 


288 


297 








299 


301 


304 


307 


311 


318 


321 


329 








330 


334 


343 


346 


348 


351 


352 


355 








362 


364 


366 


367 


368 


370 


371 


373 








374 


375 


376 


379 


384 


385 


387 


399 








403 


408 


414 


419 


421 


424 


426 


432 








435 


439 


449 


453 


457 


459 


463 


469 








474 


481 


491 


494 


495 


497 


506 


507 








509 


514 


520 


525 


530 


544 


547 


552 








554 


559 


563 


570 


573 


584 


587 


591 








596 


598 


600 


604 


623 


626 


635 


646 








652 


653 


659 


662 


668 


670 


676 


678 


filUF 


D 




85 


86 


88 


89 


90 


91 


100 


102 








105 


106 


118 


120 


122 


127 


128 


129 








135 


136 


138 


139 


188 


198 


199 


200 








202 


203 


207 


208 


210 


211 


213 


225 








227 


229 


237 


239 


248 


250 


251 


252 








278 


280 


291 


292 


293 


303 


310 


312 








313 


314 


323 


327 


331 


336 


342 


344 








345 


347 


353 


354 


356 


361 


377 


378 








380 


381 


398 


400 


401 


402 


404 


409 








410 


412 


413 


415 


427 


428 


430 


431 








433 


447 


448 


450 


451 


458 


460 


461 








468 


470 


471 


472 


482 


496 


498 


500 








506 


510 


512 


519 


521 


522 


523 


532 








543 


546 


54B 


551 


557 


562 


564 


568 








575 


590 


592 


595 


610 


611 


612 


613 








614 


616 


621 


624 


625 


628 


640 


677 


BERF; 


ft 


OOIDE 


275 


493 


586 


-610 










CA 


A 


00003 


84 


96 


98 


112 


198 


20? 


224 


234 








246 


257 


265 


274 


276 


288 


304 


307 








324 


342 


351 


361 


384 


398 


409 


427 








447 


457 


467 


478 


481 


492 


494 


506 








518 


533 


543 


559 


573 


576 


585 


587 








600 


635 














CRSl 


A 


00057 


140 


-163 














CHD2 


A 


0005F 


167 


-171 














CnD3 


A 


00061 


166 


-173 















CnD4 A 00064 

D105 A 00069 

OCnD6 A 0006C 

CONST A 00003 



COUT A 00007 



OAS A OOOCC 

DABQ A 0004C 

DAGR A OOlCC 

DAR A OOOCA 

DARQ A 0004A 

DARR A OOlCA 

DATIN A 00000 

DECQ A 00014 



o 



DECR 


A 


0019B 


OESTIO 


A 


OOOOA 


DEETil 


A 


OOOOB 


DEET7 


A 


00002 


DEST8 


A 


OOOOB 


DEST9 


A 


00009 


DSEHE- 


A 


0004C 


OIAGl 


A 


00000 


DIAB2 


A 


ooooc 


D1AE3 


A 


00020 


DIAS4 


A 


00029 


DIAG5 


A 


00048 


Dm 


A 


OOOAE 


DHS 


A 


OOOAD 


DHSS 


A 


0002D 


DKQR 


A 


OOIAD 


OMRS , 


A 


0002B 


OHRR 


A 


OOIAE 


DOse 


A 


0003C 


DD8F 


A 


00163 


DORS 


A 


0003A 


DDRR 


A 


OOlBft 


DQUT 


A 


00002 



c 



164 -176 
177 -181 

165 176 -184 



30 


36 


45 


46 


51 


53 


55 


39 


63 


68 


69 


70 


71 


94 


99 


110 


197 


260 


301 


321 


329 


334 


343 


352 


364 


371 


419 


424 


439 


530 


554 


570 


623 


646 


648 


659 


662 


668 






47 


49 


93 


109 


204 


215 


232 


244 


255 


263 


298 


319 


332 


349 


365 


372 


382 


406 


417 


436 


455 


465 


476 


479 


515 


527 


553 


569 


576 


597 


633 


671 


0 
















0 
















0 
















0 
















53 
















102 
















210 


404 


415 












209 


236 


290 


411 


429 


545 


561 


589 


626 
















276 


277 


2BB 


289 


297 


304 


307 


31B 


324 


331 


337 


494 


495 


501 


506 


507 


514 


518 


526 


533 


587 


588 


596 


600 


604 


616 


670 












34 


40 


164 


187 


241 


282 


295 


315 


550 


565 


594 












35 


41 


167 


173 


179 


182 


186 


259 


328 


363 


622 












31 


37 


168 


li9 


171 


17B 


181 


184 


679 
















32 


38 


165 


176 


214 


228 


242 


254 


28! 


294 


316 


405 


4lfc 


434 


454 


464 


475 


501 


511 


526 


567 








33 


39 


166 


177 


185 








-127 
















-30 
















-45 
















-68 
















-83 
















111 


-118 














0 
















0 
















0 
















0 
















51 


59 


63 












0 
















0 
















0 
















55 
















0 
















135 


227 


239 


250 


260 


280 


293 


312 


329 


344 


353 


450 


460 


470 


498 


510 



o 



DPI 


A 

n 


wvor 


DPS 


A 


0008C 


DP&8 




ooooc 


OPBR 


A 


0018C 


DPR 


A 


OOOSA 


DPRQ 


A 


OOOOA 


DPRR 


A 


0018A 


DTOB 


A 


OOOOE 


DTOR 


A 


OOIBE 


DIC8 


A 


0006C 


DIBR 


A 


OOIEC 


DXR 


A 


OOOEA 


DXR6 


A 


0006A 


DXRR 


A 


OOIEA 


EERR 


A 


OOlEl 


ENBEOT 


A 


OOOOC 


EQUAL 


A 


00006 



ERF 


A 


OOlOfi 


ERFl 


A 


mm 


ERF2 


A 


OC-114 


ERF3 


A 


00111 


ERF5 


A 


OOllC 


ERF IX 


A 


00104 


ERVl 


A 


0012E 


ERV2 


A 


0013C 


ERV3 


A 


001 4C 


ERV5 


A 


00130 


ERV6 


A 


00140 


ERVAR 


A 


00121 


FBSi 


A 


00005 


FRfcEND 


A 


001E9 


FREND 


A 


001D7 


FSF2 


A 


001A3 


FSF4 


A 


OOIBI 


FSF7 


A 


001 CI 


FSF8 


A 


001B3 


FSF9 


A 


OOIBF 


FSFKD 


A 


OOlftO 


FSRO 


A 


001C5 


FSR2 


A 


OOlCA 


FSREV 


A 


G01C5 


IDLEl 


A 


00050 



521 548 564 592 
0 
0 
0 
0 
0 

46 364 371 
0 



30 


36 


210 


227 


239 


250 


280 


293 


312 


343 


352 


450 


460 


470 


498 


510 


521 


548 


564 


592 


623 








45 


68 


69 


70 


71 


99 


163 


197 


439 


646 


648 


668 










0 
















0 
















94 


110 


301 


321 


334 


419 


424 


530 


554 


570 


659 


662 










0 
















0 
















572 


-616 


663 












286 


306 


325 


504 


517 


529 


556 


572 


602 


658 














50 


52 


54 


57 


60 


64 


76 


95 


104 


111 


209 


236 


274 


275 


284 


285 


290 


300 


302 


320 


322 


333 


335 


386 


388 


411 


420 


425 


429 


492 


493 


502 


503 


516 


528 


531 


545 


555 


561 


571 


585 


586 


589 


599 


627 


660 


663 




365 


-36'' 














363 


-370 














369 


-377 


386 


388 










372 


-374 














382 


-385 














181 


-361 














406 


-409 


417 


422 










420 


-423 














425 


-439 














405 


-424 


436 


438 










-427 


440 














17B 


-396 














140 
















602 


-604 














599 


-602 














-545 


553 


560 












555 


556 


-559 












550 


565 


567 


-575 


594 








558 


-561 


569 


574 










571 


-573 














174 


-542 














585 


-5BE 














-589 


597 


601 


605 










173 


-584 














-135 


141 


189 


483 


615 


617 


641 





1DLE2 A 00055 137 -140 

ILLCMD A 00070 170 175 180 183 184 185-188 

IHCQ A 00005 48 56 

INCR A 00189 92 96 108 112 203 206 214 217 

231 234 243 246 254 257 262 265 

309 326 348 351 357 366 370 373 

381 384 405 408 416 421 422 423 
426 435 438 454 457 464 467 475 
478 481 505 535 552 559 568 573 
575 578 603 635 676 

JCF D 37 38 39 40 41 49 50 52 

54 57 60 64 76 93 104 109 

121 169 179 182 228 232 236 255 

259 274 281 286 290 302 322 325 

328 335 349 363 365 372 386 386 

454 455 465 476 479 492 501 502 

503 504 516 528 531 545 555 556 

561 569 571 585 589 602 649 650 

65B 660 679 

JCFF D 137 204 209 215 244 263 284 285 

382 406 411 417 429 436 553 576 

622 627 633 

JCT D 31 32 33 34 35 47 95 107 

111 140 164 165 166 167 168 171 

173 176 177 178 181 184 185 186 

187 201 212 253 254 275 300 306 

315 316 317 319 320 333 420 425 

464 473 475 493 513 515 517 524 

526 527 529 572 566 599 647 663 
■671 

3CTF D 214 230 240 241 242 2B2 283 294 

295 296 298 332 405 416 434 452 

462 499 511 549 550 565 566 567 

593 594 597 

m- D 96 112 113 141 170 172 174 175 

180 1B3 18? 217 247 257 265 28? 

305 30B 309 324 337 369 389 422 

423 438 440 467 478 518 533 558 

560 574 578 60! 605 629 

JHPF D 326 357 483 505 534 535 603 615 

617 641 

JSR D 195 196 205 216 233 245 256 264 

26? 350 383 397 407 418 437 456 

466 477 480 542 57? 588 634 639 

. 669 

JSRF . D 224 396 

KEMRD A • 00002 102 120 22? 239 250 256 280 295 

312 327 362 450 460 470. 498 510 

521 546 564 592 621 

HEMNR ft 0000! 85 199 210 343 352 377 401 412 

^■'430 ■ ■ 

HOVE ft 0008E 25B 260 327 329 362 404 415 621 

HOVe A 00084 31 32 33 34 35 37 38 39 











41 


JO 
47 


Zlo 


OlA 

240 


')1 1 

241 


2o3 


2ol 










Til 


Tic 


Til 

316 


TJ J 

344 


TC7 


ICI 

451 


ICT 

453 








4fll 


4oo 


4/1 


171 

4/4 


IDO 
477 


CAA 


rnc 

JlJ 


CIO 

547 








%>00 
















mJYn 


A 
n 


UUVOD 


D J 




1 f T 
llo 


1 1D 
110 


111 

164 


lis 
I6D 


1 AA 
I06 


1A7 
10/ 








lots 


107 


17A 
l/v 


171 
1/1 


177 

lie 


177 
1/0 


17A 
1 /^ 


17S 
if J 








ML 


177 


17R 
1 /o 


170 
1/7 


IRA 
loU 


101 


IR7 
lOl 


1RT 
lOo 








IQi 


IRS 
IQJ 


IRA 


10/ 


IRQ 

loo 


1R0 
107 


1QR 
170 


1Q0 
177 










7A7 


71 1 
111 


771 
11^ 


77S 
11 J 


777 
10/ 


7AR 
1^0 


77T 
1/0 








771 


77R 


7R1 
100 


7fll 

107 


701 
17 1 


700 
177 


71A 
Olv 


TiO 
Ol7 












0^0 


TSl 
OJ^ 


7A1 

ool 


770 
0/0 


TOR 
070 


AA7 

%V1 








AAO 


AIT 


A77 
^1/ 


17A 
^Ov 


171 

^01 


177 
^00 


AA7 


AAP 








ASP 


AAP 
^00 


API 
f 7 1 


10? 
^71 


lOA 


SA7 
oUl 


SAP 


SIS 
JlJ 








Jl7 


S77 


J*tO 


SAA 


SA7 
001 


SR4 

JO 7 


SRS 

JO J 


J7 V 








JTD 


A7P 
o/p 
















A 
n 


vVv 1 i 


ft 
















Uncn 


A 

n 


vvir L 


ft 


















ft 




A 


















A 
n 


Vv vV 1 


1A7 


171 
ill 


70 1 

IV 1 


717 
111 


73A 

lOV 


740 


7S3 

IJO 


7R3 

luO 








470 


01 r 


AS7 


4A7 

TOl 


473 

^ / 0 


499 
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1 TITLE SPECTRA 03 TAPE EBILATOR FIRWARE DEFINITIONS 

2 } 

■3 . ; :■■ . ■ 

4 jPAUL HASSENBERB 

5 5 

6 ; JANUARY 6,1983 

7 ;NOVE«BER 26,1986 MODIFICATIONS FOR S03 
8 



46 
47 
48 



9 ; THIS FILE DEFINES THE INSTRUCTIONS USED IN THE FIRHNARE FOR THE 

10 ; SPECTRA TAPEHORH. 

11 ; 12 INSTRUCTIONS ARE DEFINED AND HAVE THE F0LL0NIN6 FORM: 

12 ; ■ ■ 

13 I ALU SOURCE, DESTINATION, ALU OP, REBISTER ADDRESS, CONSTANT 

14 ; ALUF SOURCE, DESTINATION, ALU OP, REGISTER ADDRESS, FLAS2,FLAB1 

15 ; RTS SOURCE, DESTINATION, ALU OP, REBISTER ADDRESS, CONSTANT 

16 ; RTSF SOURCE, DESTINATION, ALU OP, REBISTER ADDRESS, FLAB2,FLAGl 

17 ; JHP SOURCE, DESTINATION, ALU OP, REGISTER ADDRESS, 3UHP ADDRESS 

18 ; JMPF SOURCE, DESTINATION, ALU OF, RE8 ADDR, FLAG2, JUMP ADDRESS 

19 ; JSR SOURCE, DESTINATION, ALU OP, REG ADDR, JUMP ADDRESS 

20 ; JSRF SOURCE, DESTINATION, ALU OP, RES ADDR, FLAG2, JUMP ADDRESS 

21 ; JCT SOURCE, DESTINATION, ALU OF, REG : ADDR, COND SEL, JHP ADDRESS 

22 ; JCTF SOURCE, DESTINATION, ALU OP, REG ADDR, COND SEL, FLG2, JMP ADDR 

23 ; JCF SOURCE, DESTINATION, ALU DP, REG ADDR, COND SEL, JMP ADDRESS 

24 ; JCFF SOURCE, DESTINATION, ALU OP, REG ADDR, COND SEL, FLB2, JMP ADDR 
25^-. \ ■ 

26 { 

21 ;.■ 

28 NORD 40 

29 ; 

30 ALUQP: SUE lOVZBIOOlOOOOOOO ;ALU OPERATION 

31 SRC: SUB 2ViBI0! ; SOURCE ADDRESS 

32 OET: SUB 2VZBiO0 ;DESTINATION ADDRESS 
33 

34 5 

35 ; INSTRUCTIONS 

36 ALU: DEF 
3? ALUF: DEF 

38 RTSt DEF 

39 RTSF: DEF 

40 JMP: DEF 

41 JMPF: DEF 

42 JSR: DEF 

43 JSRF; DEF 

44 JCT: DEF 

45 JCTF; DEF BtlO 




JCF: DEF Bll0,SRC,DST,ALU0F,4VXHIO,4VlHt0,4HI0,BIO0,lOVJ 
JCFF: DEF BtlO, SRC, DST,ALU0P,4VIHI0,4ViHt0,4V/:Ht0,Bt00,l0V$ 

■ 
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50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

66 

69 



SOURCE DEFINITIONS 

DATIN: EQU HOO 

RDCHD: EQU BtOl 

HEHRD: EQU BIIO 

CONST: EQU Bill 



DESTINfiTIDN DEFINITIONS 

NEHWR: EQU BIOl 
DOUT: EQU BIIO 
CA: EQU Bill 



;ENA6LE TAPE HRITE DATA 
; ENABLE TAPE COflHAND 
; ENABLE RAH DATA 
{ENABLE FIRNNARE CONSTANT 



;LOAD RAH NRITE DATA 
;LOAD TAPE READ DATA 
5LOAD UPPER NIBBLE OF COLUHN ADDRESS 



ALU OPERATION DEFINITIONS 
18, 17,16,15,14,13, I2,Il,I0,CN 
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76 


QTOR: 


EBU 


BIO 11 0000 100 






77 


DPQS: 


EQU 


BlOOOOOOllOO 


;D + Q 


=> B 


7B 


DPQR: 


EBU 


Bionooouoo 


;D + B 


=> R 


79 


DPS: 


EQU 


: Bicoioooiioo 


;D + Q 




BO 


DPRQ: 


EQU : 


BIOOOOQOlOlO 


;D + R 


=> B 


81 


DPRR: 


EBU 


BlOllOOOlOlO 


;D + R 


=> R 


82 


DPR: 


EBU 


BlOOlOOOlOlO 


;D + R 




83 


QPRQ: 


EBU 


BIOOOOOOOOOO 


;Q + R 


=> B 


84 


QPRR: 


EBU 


BIOllOOOOOOO 


;Q + R 


=> R 


85 


QPR: 


EBU 


BlOO 10000000 


;B + R 




86 


RPIQ: 


EBU 


BlOOOOOOlOOl 


;R + 1 


=> 6 


87 


RMIQ: 


EBU 


BIOOOOOUOOO 


;R - 1 


=> B 


68 


DHSQ: 


EQU 


BIOOOOlOUOl 


;D - Q 


=> Q 
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DHBR: 
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BIOMOlOllOl 


;D - B 


=> R 


90 


DHQ: 


EBU 
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;D - B 
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EQU 
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=> Q 


92 


DHRR: 


EBU . 


Bid 10101011 


;D - R 


=> R 


93 


QHDQ: 


EBU 


BIOOOOOlllOl 


;Q - D 


=> Q 


94 


QHDR: 


EBU 


BlOi 1001 1101 


jB - D 


=> R 


95 


QttD: 


EQU 
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:B - D 




96 


QHRQ: 


EBU 


BlOOOOOlOOOl 


;B - R 


=> B 


97 


8MRR: 


EBU 


BIOUOQIOOOI 


;Q - R 


=> R 


98 


m-. 


EBU 


BlOOlOOlOOOl 


;Q - R 




99 


RMDB: 


EQU 


BIOOOOOUOll 


;R - D 


=> B 


100 


RHDR: 


EQU 


BIOllOOUOU 


;R - D 


=> R 
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mil'. 


EBU 


BIOOlOOllOll 


;R - D 




102 


RHQR: 


EQU 


BIOl 10100001 


;R - B 


=> R 
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107 


DHl: 




108 


DECQ: 




109 


DECR: 




110 


RX2R; 




111 


SLR: 




112 


SRR: 




113 


SLQTOR: 




114 


DAQQ: 




115 


DAQR: 




116 


DAQ: 




111 
117 


DARQ: 




118 


AADDi 

UhKK: 




1 1 Q 
ll7 


SlDhKK; 




120 


yftK: 




III 


UhKu: 






yftKh: 




UJ 


BAD . 




1 ?! 


uuttti: 




1 0^ 






lit 


!\nDri« 




ill 


nn&D» 






onDfii 

yuKii: 




i '50 
U7 


OODDi 






Avnn . 
LUuli: 




131 


UaUK: 






DXhb: 




133 


DXRR; 




134 


DXR: 




135 


QXRQ: 




136 


QXRR: 




137 


QXR: 




138 


ZERu: 




139 


ZERQ: 




140 


ZERR: 




141 


ONES: 




142 


ONEB: 




143 


ONER: 




144 


• 

> 



EQU 


9kM A A 4 A 4 AAA A 4 

BfOOlOlOOOOl 


mil 

EQU 


AAAA ( AAA 4 14 1 

810010001111 


EQU 


BtOOOOOOOlOl 


EQU 


& A A 4 4 AAA 1 A A 4 

BfOllOOOlOOl 


EQU 


fV Jl A A 4 A 4 4 4 4 A 

BIOOlOlliUlQ 


mil 

EQU 


AAA A AAA 4 A 4 AA 

BfOOOOOiOlOO 


EQU 


njlA4 lAAl 4AAA 

BiOl 1001 1000 


EQU 


VNMAi 4AAAAA4A 

BtOl 10000010 


EQU 


nj|« * 4AAA4AAA 

BilllOOOlOOO 


EQU 


4 A 4 AAA 4 AAA 

Bl 1010001000 


mi ! 

EQu 


njl 4 4 4 A AAA 4 AA 

Bf 1110000100 


mil 

E8U 


AAA A A 4 A A 4 4 A A 

BiOOO 100 1100 


cnn 
tfiU 


DA A 1 1 1 AA1 f AA 

BIOl 11001100 


mil 


DlArt 1 1 AA 1 t AA 


mil 


DA AAA \ A A 1 A 1 A 

of OUUlUUlOlO 


rofi 


filAI 1 1 AA1 A1 A 

DtUlllvvlUiU 


cnn 


C1 1 1 1 1 AAi A1 A 


cnii 

tuu 


filAA 1 1 AA1 A1 A 


con 

LQU 


Df UUvlvUvUUU 


CD!) 


DiA i H AAA AAA 
Dlv I I lUUUvUU 


CDII 


lllAAM AAAAAA 
UlUUl IvvUUUU 


con 


DfUUvVllilvU 


CDII 


D1A1 1 A1 1 1 AAA 


CDII 


DlAAAAi 1 1 At A 
Of vUUUl L lUlU 


CDH 

tuu 


MAtlAlilAIA 


CDII 

tuu 


MAAAAIIAAAA 
Divvvvl lUvvU 


CDI! 

tuu 


D*A 11 Ai I AAA A 


CDii 

tuu 


niAAAl 1 A1 1 A A 


CDH 
tU'J 


DiAl 1 1 1 AI 1 A A 




0*AAAt1AlA1A 


tuu 


blulllluiulu 


EBu 


ca r. A 4 4 4 A 4 A 4 A 

otuOUlOlOlO 


r Tj n 

tBu 


n Jl A A A 4 4 A A A A 

BiOuO 1 100000 


EBU 


n A A < 4 4 4 A A A A »" 

BlUllllOOOOu 


EBU 


BlOO 11100000 


EBU 


BlOOllOOOlOO 


EQu 


BiOOOlOOOlOO 


EBU 


BIOl 11000100 


EBU 


BIOOllHOOlO 




BiOOOmOOlO 


m 


BIOlllUOOlO 



;R - Q 

jD + I 

;0 t I => 6 

;R ♦ I «> R 

50 - I 

;8 - t => 8 

5R - I - > R 

jR « 2 R R * 2 -> OEST BUS 

}R * 2 => R R »> DEST BUS 

;R / 2 -> R R => OEST BUS 

;Q « 2 => R 8 => DEST BUS 

;D AND 8 => 8 

;D AND 8 => R 

;0 AND 8 

;DflNDR->8 

;D AND R => R 

;(D AND Rl ♦ 2 => R 

jD AND R 

;8AND R => 8 

;8 AND R => R 

i6 AND R 

;D OR 8 a 

;D OR 8 => R 

;D OR R => Q 

;D OR R => R 

;8 OR R => 8 

;8 OR R => R 

;D EXOR B => 8 

5DEl(0Re=>R 

;D EXOR R =) B 
;D EXOR R => R 
;D EXOR R 
; 8 EXOR R =• 6 
;e EXOR R => R 
;8 EXOR R 
;ZERO 

;ZERO => Q 
;ZERO => R 
;ONES 

;QNES =) 8 
;ONES => R 



o 



LINE SPECTRA 03 TAPE EHUIATOR FIRHHARE DEFINITIONS PAGE 



o 



o 



1 AL 

146 


• 








117 


;REEISTER ADDRESS BEFIJilTIONS 






•■ 








1 iQ 


RO: 




HiO 




1 Jv 


Rl: 


EQU 


Hll 


i 


i Jl 


R2: 


EQU 


H#2 




15? 


R3: 


EQU 


HI! 






R4: 


EQU 


HI4 


« 


154 


R5: 


EQU 


HIS 




155 

1 WW 


R6: 


EQU 


m 


• 

> 


156 


R7: 


EQU 


Ht7 


> 


157 


R8: 


EQU 


HIS 


■ • ■ ' 


158 


R9: 


ESU 


HI9 




15? 


RIO: 


EQU 


Hlft 


, J - 


160 


Rll: 


EQU 


HIE 


J 


161 


R12: 


EQU 


HIC 




162 


R13: 


EQU 


HID 




163 


R14: 


EQU 


HIE 


• 


164 


R15: 


EQU 


HIF 


5 


165 


5 








166 

i WW 


5 








167 


■ t ■ 
J 








16R 


;CONDITIDN SELECT DEFINITIONS 




169 


• 








170 


PftRERR: 


EQU 


Hll 


•PARITY FPRnF(RtAD DP iPIT^l 


171 


RDY! 


EQU 


HI3 


•LOW DOR I Nh RAM PFFRPSH 


172 


RND: 


EQU 


HI4 


•RFtflND CM" 


173 


FBSY: 


EQO 


HIS 


» r 1 1 M> U w w 1 


174 


EQUAL! 


EQU 


Hit 


•DESTINATION BUS=0 


175 

4 1 J 


CQUT: 


EQU 


HI7 ■ 


•ALII CAPRY OUT 


176 

I/O 


DEST7! 


EQU 


HI2 


'DFSTIMATION fiU^ PIT 7 


177 
111 


DESTB: 


EQU 


HIS 


J 0 


17P 

i/u 


DEST9: 


EQU 


HI9 




ill 


DESTIO: 


EQU 


Hlft 




leo 


DESTll! 


EQU 


HIB 


! 11 


181 


ENEEQT! 


EEU 


Hl[ 


5 ENABLE EOT 


182 


SFl: 


EQU 


HID 


; STROBE FREQUENCY 1 


183 


SF2! 


EQU 


HIE 


;STROBE FREQUENCY 2 


IB4 


SF3: 


EQU 


HIF 


5 STROBE FREQUENCY 3 


185 


5 









LIIE 
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18? 


• 

> 








168 


;FLA62 VALUE DEFINITIONS 




189 










190 


SRS: 


EBU 


HI9 


;SET READ STROSE 


191 


RRS: 


EBU 


Hll 


; RESET READ STROBE 


192 


SRFRG: 


EQU 


HIA 


; SET REFRESH REQUEST 


193 


RRFRQ: 


EBU 


HI2 


{RESET REFRESH REBIEST 


194 


RBSY: 


EBU 


HtB 


5 RESET BUSY 


195 


RRBSY: 


EBU 


HI3 


; RESET RESET BUSY 


196 


SH5: 


EBU 


HiC 


;SETNRITE STROBE 


197 


RUS: 


EBU 


HI4 


; RESET MRITE STROBE 


198 


SALE: 


EBU 


HID 


5 SET ALE 


199 


RALE: 


EBU 


HIS 


;RESET ALE 


200 


SECT: 


EBU 


HIE 


;SET EOT 


201 


REOT: 


EBU 


HI6 


;RESET EOT 


202 


SLDP: 


EQU 


HIF 


; SET LDP 


203 


RLDP: 


EQU 


HI7 


;RESET LDP 


204 


5 








205 


;FLAB1 VfiLUE DEFINITIONS 




20i 










207 


SHER: 


EQU 


HI? 


; SET HARD ERROR 


208 


RHER: 


EBU 


Hll 


; RESET HARD ERROR ^ 


209 


SPT: 


EBO 


Hlfi 


;SET PARITY TEST 


210 


RPT: 


E8U 


HI2 


;RESET PARITY TEST 


211 


SCCB: 


EBU 


HIB 


5SET CCS 


212 


RCCB: 


EBU 


HI3 


;RESET CCB 


213 


SH: 


EBU 


HIC 


;SET liRITE 


214 


RH: 


EQU 


HI4 


; RESET «RITE 


215 


SRDBfiD 


EBU 


HID 


Hf"H^T T»TA^^ T, M. r 

;SET RESET DIA6 BAIv 


21£ 


RRDBAD 


EBU 


HI5 


; RESET RESET DIAB BAD 


217 


SDE: 


EBO 


HIE 


;SET DATA ENABLE 


218 


RDE: 


EBU 


HIi 


; RESET DATA ENABLE 


219 


sdbqk;: 


EQU 


HIF 


;SET 06 OK 


220 


RD60K: 


EBU 


HI7 


jRESET DG OK 


221 


y 








222 


ENC 









PA6E 
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SYMBOL TABLE 



RLU 


n 




BLUr 


n 

u 




HLUUr 


c 

3 




PA 


A 

R 


VVVVO 


rniiQT 


A 

H 






A 
H 


wvlfv/ 


AAQ 


A 
If 


vvvLu 




A 

n 


AAAiP 
vUv^L 


VHsn 


A 
n 


vvlLU 






Vvvun 




A 
n 


vvvtH 


RAPP 
llnf\i\ 


A 
n 


vvlun 




& 
n 


VVVVV 




A 


00011 

WW 1 T 


DFCP 


A 

n 


0019P 




A 


OOOOA 

WVVn 




A 

H 


VvVVO 


Irk. 9 1 1 


A 
fi 


00005 

vVw v£ 


DFSTfi 


A 

n 


OOOOR 

VVvVQ 


VLSI I 


A 

n 


00009 

vVVVT 


DM1 

vn I 


A 

n 


000 A F 


vnc 


A 

n 


OOOAB 


DNOQ 


A 


00020 


DHQR 

VnKlA 


A 


00 1 AD 

w irii/ 


DRRQ 


n 


0002B 




A 

n 


001 AB 

vv & nw 


DOQQ 


A 


0003C 

WW vU 


DQDR 

VUBiV 


A 


00 IBB 

W 1 oo 




A 

n 


000 1 A 

VVv wn 


DORP 


A 


OOIBA 

wv 1 Un 


DDUT 

VUU 1 


A 


00002 

WvVi 


DPI 

Vi i 


A 

n 


OOOBF 

V wor 


DPQ 


A 


0008C 

VVvUw 


DP8Q 


A 


OOOOC 


DPBR 


A 


0018C 


DPR 


A 


0008A 


DPRO 


A 


OOOOA 

V V V V n 


K^RR 


A 


OOIBA 


OST 


s 




DTOQ 


A 


OOOOE 


DIOR 


A 


0018E 


DXQQ 


A 


0006C 


DXQR 


A 


OOIEC 


DXR 


A 


OOOEA 


DIRQ 


A 


0006A 

w w w n 


DXRR 


A 


OOIEA 


ENBEOT 


A 


OOOOC 


EQUAL 


A 


00006 


FBSY 


A 


00005 


INCQ 


A 


00005 


INCR 


A 


00189 


JGF 


D 




JCFF 






JCT 


D 




JCTF 






3HP 






JHPF 


D 




JSR 


D 




JSRF 


D 




MEHRD 


A 


00002 




A 


00001 


ftCVD 


A 


0008E 


HOVQ 


A 


00084 


HOVR 


A 


00088 


ONEQ 


A 


00072 


OKER 


A 


001F2 


ONES 


A 


000F2 


PARERR 


A 


OOOOl 


QAR 


A 


OOOCO 


SARe 


A 


00040 


QARR 


A 


OOlCO 


QHD 


A 


0009D 


QftDS 


A 


OOOID 




A 


0019D 


QHR 


A 


00091 


QKRQ 


A 


0001 1 


QftRF; 


A 


O0191 


QORQ 


A 


00030 


QQRR 


A 


OOIBO 


QPR 


A 


00080 


QPRQ 


A 


00000 


BF'RR 


A 


00160 


BTQR 


A 


00184 


QXR 


A 


OOOEO 


QXRQ 


A 


00060 




A 


OOIEO 


RO 


A 


00000 


Rl 


A 


00001 


RIO 


A 


OOOOA 


Rll 


A 


OOOOB 


R12 


A 


OOOOC 

V W V V W 


R13 


A 


OOOOD 


R14 


A 


OOOOE 


Ri5 


A 


OOOOF 


R2 


A 


00002 


R3 


A 


00003 

V V V V V 


R4 


A 

n 




Rj 


A 

n 


O^'iO'''^ 

V w V w iJ 




A 

n 


OOOOA 

w wo 


R7 


A 

n 


00007 

W vv t 


r.c 


A 
n 


V V v vu 




A 

n 


vv vv7 


PAI F 


A 
n 


uvvv J 


PRQY 


A 

n 


OOOOP 


l\-wwO 


A 
n 






A 
n 


vvy % * 




A 
M 




IxUOur. 


A 
n 


vVvU / 




L 
n 






A 
M 






A 
H 


OAOO 1 


ft! HP 


A 
H 


00007 

WW / 




A 

H 


UUUlo 




ft 




DM fin 


A 
ft 


UUUlD 


DMT\D 

KnL'h 


A 

ft 


AA1 DD 

OvIYd 


RHQ 


A 


OOOAl 


mR 


A 


OOlAl 


RPIQ 


A 


00009 


RPT 


A 


00002 


RRESY 


A 


00003 


RRDBAD 


A 


00005 


RRFRQ 


A 


00002 


RRS 


A 


00001 


RTOe 


A 


OOOOB 


RT5 


D 




RTSF 


D 




R» 


A 


00004 


m 


ft 


00004 


Rpb 


A 


00004 


RX2R 


A 


00182 


SALE 


A 


OOOOD 


sees 


A 


OOOOB 


SDE 


A 


OOOOE 


SD60K 


A 


OOOOF 


SEOT 


A 


OOOOE 


SFl 


A 


OOOOD 


SF2 


A 


OOOOE 


SF3 


A 


OOOOF 


SHER 


A 


00009 


SLDARR 


A 


003CA 


SLDP 


A 


OOOOF 


SLSTOR 


A 


00384 


SLR 


A 


00388 


SPT 


A 


OOOOA 


SRC 


S 




SRDBAD 


A 


OOOOD 


SRFRQ 


A 


OOOOA 


SRR 


A 


00283 


SR5 


A 


00009 


SW 


A 


OOOOC 


SNS 


A 


OOOOC 


ZERO 


A 


000C4 


ZER9 


A 


00044 


ZERR 


A 


001C4 
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